Present work delivers a systematical evaluation of actuation efficiency of a nano-particle electrode conducting polymer actuator fabricated based on Nitrile Butadiene Rubber (NBR). Attempts are made for maximizing mechanical functionality of the nano-particle electrode conducting polymer actuator that can be driven in the air. As the conducting polymer polypyrrole of the actuator is to be fabricated through a chemical oxidation polymerization process that may impose certain limitations on both electrical and mechanical functionality of the actuator, a coordinated study for optimization process of the actuator is necessary for maximizing its performance. In this article actuation behaviors of the nano-particle electrode polypyrrole conducting polymer is studied and an optimization process for the mechanical performance maximization is performed.
INTRODUCTION
Although a few conducting polymer actuators have been introduced and studied extensively for decades, most of the actuators have dual-layer configuration and are working with an external liquid electrolyte solution.
1-5 For it definitely constitutes significant limitations of the conducting polymer actuator applications, efforts are made for the development of an actuator operating in atmospheric environment. The actuators working in the air are generally built in a configuration where solid polymer electrolyte (SPE) is sandwiched between two electrodes. The actuators however have some drawbacks. A delamination caused by defects of bodings between a conducting polymer film, a metal layer, and flexible SPE drastically shortens lifetime of the actuator.
8 One of the resolutions for the delamination problems is that the conducting polymer is embedded in an elastomeric conducting matrix.
9
A one-piece device instead of multi-layered device fabricated for a dry actuation conducting polymer actuator using nitrile butadiene rubber (NBR), room temperature ionic liquid (RTIL), and solid polymer electrolyte is shown a progress for alleviating the problems. [10] [11] [12] In the present work, a dry actuation conducting polymer is fabricated using polypyrrole (PPy) synthesized on the surface of NBR * Author to whom correspondence should be addressed.
by chemical oxidation polymerization technique. The actuator is designed that RTIL exists inside the nano-particle electrode and preserved with the nano-particle electrodes. Noting the nano-particle can be used as an electrode for its electrical conductivity of around 10 −6 S/cm. Second, the fabricated actuators are tested for mechanical performance verification, and the last an attempt is made for an optimization of the performance.
ELECTRICAL CONDUCTABLE NANO PARTICLE ELECTRODE

Material and Synthesis
NBR is a copolymer composed of 60% butadiene and 40% acrylonitrile. And the NBR thin film thickness of about 150∼200 m was synthesized by the following method. First, the virgin NBR resin was mixed with proper amounts of ZnO, S, and stearic acid in a Haake mixer at 90 C for 5 min. Then it is placed in a two roll mixer at 100 C for 2 min. Second, the NBR compound was pressurized under a molded frame at 160 C for 20 min with pressure of 100 kgf/cm 2 to complete the vulcanization process. Then the films were laminated with thickness of 150-200 m. 12 The monomer pyrrole was offered by Aldrich Chemical Co. and was purified by passing through
